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ABSTRACT 


This  report  presents  a  digital  computer  program 
for  (l)  determining  the  range  at  which  an  armored 
vehicle  is  vulnerable  to  rounds  striking  a  speci¬ 
fied  point  on  its  surface  and  for  (2)  determining 
the  armor  thickness  required  for  protection  at  a 
specified  range  and  angle  of  attack. 
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PROJECT  TITLE: 


DIGITAL  COMPUTER  PROGRAM  FOR  CONVENTIONAL 
BALLISTIC  EVALUATION 


INTRODUCTION: 

A  high  speed  computer  program  has  been  developed  for 
the  Electrodata  204  digital  computer  which  will  deter¬ 
mine  the  range  at  which  a  vehicle  is  vulnerable  to 
rounds  striking  a  specified  point  on  its  surface  from 
a  particular  angle  of  attack,  or  conversely  the  armor 
thickness  required  for  protection  at  a  specified  range 
and  angle  of  attack. 


OBJECTIVE: 

Develop  a  computer  program  to  rapidly  and  accurately 
furnish  basic  conventional  ballistic  evaluations  of 
armored  combat  vehicles. 


DISCUSSION: 

It  has  been  found  that  sloping  armor  from  the  vertical 
results  in  a  greater  resistance  to  penetration.  The 
armor  may  reject  or  deflect  the  projectile,  or  offer 
sufficient  depth  of  material  to  the  incoming  round  to 
greatly  decrease  the  residua^,  velocity  for  penetration. 
Obliquity  in  itself  is  not  entirely  dependent  on  the 
slope  of  the  plate.  In  the  event  the  line  of  fire  is 
angular  to  the  plate,  it  would  have  the  same  effect  as 
tilting  the  plate  to  that  angle.  In  most  cases  a  com¬ 
pound  condition  exists  in  which  there  is  angular  fire 
at  a  sloped  plate.  The  angle  of  obliquity  is  defined 
as  the  angle  between  the  line  of  fire  and  the  normal 
to  the  plate. 
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As  shown  in  figure  1 ,  the  cosine  of  the  angle  of  obli¬ 
quity  is  a  function  of  the  angle  of  attack  (horizontal 
angle)  and  the  inclination  of  the  plate  (vertical  angle) . 
x-inowing  the  horizontal  and  vertical  angle  under  any  di¬ 
rection  of  attack,  the  obliquity  can  then  be  determined 
by  the  cosine  law.  In  the  case  of  a  standard  plate, 
the  thickness  is  measured  along  the  normal  at  the  point 
under  consideration. 

In  ballistic  penetration  studies,  prior  to  any  computer 
determinations,  the  angle  of  attack  must  be  designated, 
i.e.,  it  may  be  frontal,  30°  left  or  right  flank,  45° 
left  or  right  flank,  etc.  In  addition,  the  shell  im¬ 
pact  location  is  necessary.  This  can  be  specified  on 
the  tank  contour  by  dividing  the  turret  or  hull  from 
top  to  bottom  into  horizontal  sections,  and  dividing  it 
radially  in  degrees  from  the  center  line  as  depicted  in 
figure  2. 

It  is  then  possible  to  consider,  for  example,  a  projec¬ 
tile  which  strikes  the  left  flank  at  reference  points 
10,  30°  5  or  20,  45°,  etc. 

It  was  the  purpose  of  this  program  to  ascertain  the 
range  at  which  the  armor  could  be  penetrated  under  any 
given  thickness-obliquity  combination  and  condition  of 
attack.  In  addition,  this  program  affords  a  better  ap¬ 
proach  to  ballistic  design,  for  it  will  determine  the 
armor  thickness  necessary  to  afford  protection  at  vari¬ 
ous  specified  points. 


COMPUTER  PROGRAM  oE.tUExNCE: 

Utilizing  basic  input  data  of  the  horizontal  angle, 
vertical  angle  and  the  thickness,  the  program  computes 
the  secant  of  the  angles  plus  the  secant  of  the  angle 
of  obliquity  since  the  thickness  curves  for  the  various 
rounds  are  in  terms  of  secants  rather  than  cosines.  A 
triple  interpolation  scheme  was  developed  specifically 
for  this  program  to  go  from  secants  to  thickness  and 
then  to  vulnerability  range  which  is  printed  out  in 
both  meters  and  yards. 

A  similar  program,  plus  a  reverse  interpolation,  is 
utilized  to  go  backward  from  range  to  secant  to  thick¬ 
ness  in  the  second  approach  to  determine  safe  armor 
against  projectile  penetrating  power. 
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uATA: 


Input  data  required  by  this  program  is  outlined  in  Ap¬ 
pendix  B.  Range  or  thickness  (vhichev^jr  is  necessary) 
is  machine  interpolated  for  the  desired  conditions  from 
range-secant-thickness  curves  which  must  b>j:  properly 
stored  in  the  computer  memiory  as  data.  This  is  in  ac¬ 
cordance  with  the  procedure  establishea  in  .appendix  C, 
Coding.  The  angles,  ranges,  and  thicknesses  must  be 
within  the  area  defined  by  the  curves.  Interpolation 
is  always  based  on  the  lower  of  the  two  values  con¬ 
sidered. 


RhoU  L  To : 


Applying  the  proper  input  inf  ormiat  ion ,  vehicxe  vulnera¬ 
bility  ranges  and  design  thickniiss  r<jqui  rements ,  as 
outlined  in  the  DICCUBCIOh,  can  be  quickly  determined. 
Actual  comifiUter  timic  is  only  a  few  seconds  for  each 
reference  point  considered.  In  addition,  vehicles  can 
be  com.pared  with  respect  to  effective  standoff  distance 
from  a  particular  type  of  attack. 

Results  are  in  floating  point.  For  a  sample  of  program 
output,  see  Appendix  D. 

Identifying  informiation,  such  as  vehicle  designation, 
attack  position,  ty[e  of  projectile,  etc.,  was  not  in¬ 
corporated  in  the  output,  since  such  details  are  varia¬ 
ble  factors. 
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APPENDIX  A 


OPERATING  INSTRUCTIONS 

1.  Type  identification  material  desired. 

2.  Set  margins.  Output  on  page.  Print  headings  from 
tape . 

3.  Read  in  subroutine  and  interpolation  tape. 

4.  Read  in  curve  data. 

5.  Read  in  program  tape. 

6.  Read  in,  or  insert  from  keyboard,  first  set  of  data. 

7.  6  0000  20  3000 

Steps  6  and  7  are  repeated  for  additional  data. 
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APPENDIX  B 


INPUT  DATA 


1.  To  calculate  range 

a.  A  data  tape  for  the  curves  developed  accord¬ 
ing  to  the  scheme  for  range  (Appendix  C). 

b.  Input  parameters 

1500  horizontal  angle  in  degrees 

1501  vertical  angle  in  degrees 

1502  thickness 

2.  To  calculate  thickness 

a.  A  data  tape  for  thickness  developed  according 
to  the  scheme  for  thickness  (Appendix  C). 

b.  Input  parameters 

1500  horizontal  angle  in  degrees 

1501  vertical  angle  in  degrees 

1502  range  in  meters 
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APPENDIX  C 


CODING 


RANGE  PROGRAM 


(HORIZONTAL  AND  VERTICAL  ANGLES,  AND  THICKNESS,  FURNISHED) 


CO'' 07: 

.  ll 

1  r '  ' 

’loci 

Pv"^'  ^ 

’2 

1  ::^G7 

radians 

^CC2 

CC0C7 

’•1 

P'-r: 

-f  cos  routine 

COCCI 

12 

isrs 

cos  horizontal  angle 

OOCOt , 

.  4 

1571 

GOOCO 

rp 

15;- 

yOCo 

CCCOG 

71 

OGX- 

50C7 

CaA'  -kj  1 

12 

ir,/r. 

cos  vertical  angle 

^GCS 

cccco 

'•2 

15C5 

oOC^ 

COCCI 

12 

1507 

’iClC 

V..CGGC 

•  4 

15c4 

5cn 

■■ f' 

'  ’7 

1507 

1  ? 

cCGC4 

12 

74C" 

see  angle  obliquity 

5C1 G 

CCGCG 

n4 

1  ■  7  2 

’IClU 

CCCC  1 

1? 

C4r9 

thic hnesE 

7015 

CCCCO 

■4 

1 508 

7Clo 

CCCOO 

C2 

1  j45 

’.Cl '7 

20 

17CC 

— ►  interpolation  routine 

’ClC 

cccco 

o4 

150c 

’)C1^ 

C7 

r SI 

horizontal  angle 

T  n 

-  — 

■•  7,  ,  v. 

■4 

1  7^5 

~:2'i 

c  c  c  r 

^  '7, 

0717 

cos  horizontal  angle 

3C22 

ccro'' 

! 

I'"'! 

3C?o 

error 

T 

-7-, 

vertical  angle 

7024 

r';rr'(‘\  - 

.'4 

17^! 

’:25 

ry^r''  r- 

A  ,  V-C.' 

-  T 

r  V 1  - 

cos  vertical  angle 

’C2-' 

•  4 

1  S-'^ 

7  op-? 

r'^GOO 

-r 

-7-,  • 

cos  angle  obliquity 

’C2C 

rs  ^ 

74 

-4-- 

7:'2'^' 

/-  /-V  /-s  /-s  /-> 

■’I" 

secant  angle  obliquity 

7  ,  -7  7  - 

4 

1 

thickne  SE 

7C71 

r\  r' 

T 

r’l: 

7  7  72 

^OCCG 

4 

12'  ’ 

range  (meters) 

7C’^ 

roocc 

'•  7 

' 

707!+ 

OC  C"C, 

■12 

15''? 

oocce 

7 

7 ’47 

range  (yards) 

703-  coccc 

STORAGE 

r- 

CCCC 

i5CC 

ccccc 

or  '*  c 

horizontal  angle 

15:1 

CCOOC 

CC 

core 

vertical  angle 

1502 

CCCCO 

cc 

CCCC 

thickness 

1503 

04717 

45 

72?C 

1  5cU 

C51 10 

CO 

rcoc 

1505 

COCCC 

cc 

re  00 

cos  horizontal  angle 

15c6 

coccc 

OC 

CGOC 

cos  vertical  angle 

15C7 

coooc 

cc 

ccoo 

cos  angle  obliquity 

1508 

CCCCO 

20 

5Cl6 

1509 

05110 

"5 

rno 

conversion  to  yards 
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THICKNESS  PROGRAM 


(HORIZONTAL  AND  VERTICAL  ANGLES,  AND  RANGE,  FURNISHED) 


JOC’O  00000  1500 

""2  15"^ 
^002  uOOCO  51  2Cr'C 
5003  COCCI  12  15'5 
500U  rcr^c.r.  1501 
3005  ccooc  82  15 '5 

3GCC  OCOOO  51  2000 

500''  c.:  .01  12  1506 
530S  GOlOC  ''*2  1505 
3.-0  1  12  1507 

1  ;  ,  ■  0  cL  IpCij- 

^  11  :;C0Or  15c  7 
5C12  OOC'  1  12  3U::6 
r  Ch  1502 

1  12  cUo7 

15  0:  c  6U  1506 

D-  .  .  ccc  02  1,  U5 

~M  '-C--:C-  2(  l-ICC 
^  V  ,  '  4  I5rr 

•  1 '  Or  ^  -=:i 


radians 

— !►  COE  routine 
cos  horizontal  angle 


cos  vertical  angle 


secant  angle  obliquity- 
range 


— ►  interpolation  routine 
horizontal  angle 


■7  •*;  - 

Ok 

15  '-  5 

L  21 

-  7 

51 

^  22 

--■-■-'0 

1 , 

'  4 

1 5'.  1 

^  :25 

r  "cc 

■  7 

C51 

50211 

=  ,U 

1  -  ‘  7 

^025 

-rp.- 

■'5 

"1" 

^,r2-' 

(h 

iq--? 

r  7 

-'"1 

502^ 

■:-roo 

■h 

- 

■710 

^,"30 

~C'" 

,-k 

1  502 

^.'51 

7 

051: 

5052 

'2 

15C9 

5r  -5 

7 

J 

0  51  ■ 

50^li 

rcoc>- 

''  k 

12'  5 

50"  5 

coo  CO 

i'5 

■  "d: 

5C3b 

OOOOG 

oS  909? 

cos  horizontal  angle 

vertical  angle 

cos  vertical  angle 

cos  angle  obliquity 

secant  angle  obliquity- 
range  (meters) 

range  (yards) 
thickness 
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RANGE  PROGRAM 


(OBLrQUrTT  AND  THICKNESS  FURNISHED) 


5000  00000  6k  1500 

5001  00000  82  1502 

5002  00000  51  2000 
5005  00001  12  1504 

5004  00000  64  1505 

5005  00000  85  i5o4 

5006  00001  12  o4o7 

5007  00000  64  1501 

5008  00001  12  04o8 

5009  00000  64  1505 

5010  00000  02  1045 

5011  00000  20  1000 
5012  OCOOC  64  150c 
5015  00000  2C  5C2C 

5014  00000  64  1501 

5015  ocooo  05  061c 

5016  COCOO  64  1265 

5017  00000  05  o6io 

5018  00000  c8  9999 

5019  00000  00  0000 

5020  00000  05  0510 

5021  00000  64  g407 
■5022  ooooo  05  0610 
5025  ooooo  20  501 4 


STORAGE 

1500  OOOOO  00  0000 

1501  ooooo  00  0000 

1502  04917  45  5290 
1505  05110  00  0000 

1504  ooooo  00  0000 

1505  ooooo  20  5012 


angles  of  obliquity 
radians 

cosine  routine 
cos  angle  obliquity 


secant  angle  obliquity 
thickness 

plant  exit 

interpolation 


thickness 


range 


secant  angle  obliquity 


angle  obliquity 
thickness 

radian  conversion  factor 
cosine  storage 
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THICKNESS  PROGRAM 


(OBLIQUITY  AND  PJUJGE  FURNISHED) 


0^)000 

,h 

15- 

angle  obliquity 

5GC1 

00 '( 

"2 

1  SCP 

radians 

’I  '02 

"1 

20  .-C 

—4  cosine  routine 

(  o-ni 

12 

I--4 

h 

C'iCnr 

..u 

15'  " 

COC-'' 

Cr 

17  It 

T  '  , 

oocn 

12 

c4'  “ 

secant  angle  obliquity 

-N 

J<J  ■ 

1, 

’  .  *-i- 

15  1 

range 

’^orS 

OOC'1 

12 

4'" 

3C0O 

ooccc 

64 

1"  5 

coooc 

''2 

1'4- 

plant  exit 

^C1 1 

-'CCOC 

2 

1'  ’ 

interpolation 

^C12 

-ro;oc 

uL 

1"  ; 

♦- 

^r.-|T 

Q/^/^,pr 

or. 

•t  r 

--lU 

c.> 

O 

r. 

4 

i‘  1 

range 

".-15 

'•  7 

■  1  ■ 

It 

i  4 

12'" 

thickness 

"  17 

'  T 

'  1C 

c^o^o 

-GOO 

7  1C 

■r  ‘Sr- 

^C2' 

rrr.-~ 

'  -3^ 

'51- 

"021 

—  ^ 

4 

,1  - 

"122 

- 

~  T 

-■■1 

0000- 

2~ 

"  14 

1 


COSINE  ROUTINE 


200C 

00000 

80 

7012 

204C 

00000 

02 

7037 

2001 

00000 

02 

7C2C  ■ 

2c4i 

00000 

72 

2046 

2002 

00000 

74 

7001 

2042 

10000 

64 

7054 

2003 

00000 

l4 

0C04 

2043 

00000 

12 

2055 

2004 

00000 

02 

2054 

2044 

10000 

82 

7034 

2005 

0000c 

b4 

7000 

2c45 

00000 

30 

2048 

2006 

00000 

S3 

7013 

2046 

00000 

00 

0001 

2007 

OOCGC 

12 

700C 

2047 

051 10 

00 

0000 

2008 

00000 

8c 

7014 

2C48 

00000 

02 

7048 

2009 

coooo 

81 

7014 

2049 

00000 

72 

7061 

2010 

cocco 

81 

TOGO 

2C50 

00000 

82 

7048 

201 1 

occoc 

30 

2C15 

2051 

lOOCO 

80 

7056 

2012 

05115 

70 

7963 

2052 

ocooo 

22 

7050 

2C13 

1 5 1 62 

85 

1853 

2053 

00000 

82 

7055 

2014 

05S1C 

OCCO 

2.54 

;.-27G 

2ij 

3005 

2:  15 

cocco 

73 

7C2C 

2055 

050  iS 

33 

3550 

2016 

ccoco 

28 

7028 

2056 

05115 

TO 

7965 

2C17 

CCGOC 

82 

7030 

2C57 

1 5064 

59 

6371 

2018 

ccocc 

12 

7ClS 

2C5S 

04979 

68 

9679 

2C19 

cccoc 

80 

7031 

2059 

14846 

73 

7656 

2020 

occcc 

81 

7031 

206c 

04715 

14 

8419 

2021 

coooo 

12 

7021 

2061 

00000 

00 

0004 

2022 

ocooo 

63 

7C32 

2062 

05634 

23 

21 2C’ 

2023 

0000c 

13 

C0C7 

2024 

cccoc 

02 

2046 

2025 

ccocc 

75 

7021 

2026 

coooo 

8c 

7Cl6 

2027 

ooooc 

30 

2034 

2025 

OOOGO 

3o 

7033 

2020 

occcc 

20 

7C1'7 

2030 

05140 

CO 

0000 

2031 

0581'' 

00 

OCCC 

2032 

00010 

00 

0000 

2033 

05110 

00 

COOO 

2034 

00000 

02 

7054 

2035 

00000 

55 

7034 

2036 

00000 

12 

7036 

2037 

00000 

80 

7047 

2038 

00000 

02 

7035 

2039 

00000 

65 

7035 

12 


INTERPOIAHON  ROUTINE 


1000 

00000 

30 

1001 

1001 

00000 

34 

0000 

Data  in  UOOO 

1002 

00000 

35 

o4oo 

Interpolation  storage  in  9000 

1003 

00000 

36 

o46o 

Interpolation  in  6OOO 

1004 

00000 

64 

5009 

1005 

00000 

02 

048? 

plant  exit 

ioo6 

00000 

20 

6000 

-♦ 

1007 

00000 

72 

5001 

4-  secant  interpolation 

1008 

10000 

34 

0000 

Results  in  1200  -  l505 

1009 

00000 

64 

5011 

1010 

00000 

02 

0487 

plant  exit 

101 1 

00000 

64 

5014 

1012 

00000 

02 

5013 

1013 

00000 

64 

50GS 

thickness 

1014 

00000 

02 

5007 

101  5 

00000 

36 

o46o 

1016 

00000 

20 

6000 

thickness  interpolation.  Results  in 

1017 

oooco 

72 

1200 

4“  (lower  curve)  1220-1229 

1018 

10000 

34 

0000 

coded  location  data  in  UOOO 

1019 

00000 

30 

1020 

1C2C 

oooco 

a4 

5012 

1021 

ccooo 

02 

0487 

plant  exit 

1022 

OGCOC 

64 

5015 

1023 

ccooo 

02 

5013 

1024 

ooooc 

36 

c46c 

1025 

ccooo 

20 

600c 

thickness  interpolation.  Results  in 

1026 

coccc 

72 

1220 

4—  (upper  curve)  1240-1249 

1027 

10000 

64 

0000 

1023 

ccooo 

32 

0000 

1029 

lOOOG 

81 

coco 

1030 

00000 

32 

1225 

1051 

10000 

8c 

0000 

1032 

00001 

12 

1260 

Range  at  secant  and  Icwer  thickness 

1033 

00000 

72 

50GC 

1034 

10000 

64 

0000 

1035 

ooooc 

52 

0000 

1036 

10000 

81 

0000 

1037 

00000 

82 

5005 

1033 

10000 

80 

0000 

1039 

00000 

30 

lo4o 

io4o 

ccooo 

12 

1261 

Range  at  secant  and  upper  thickness 

I04i 

00000 

81 

1260 

1042 

ocooo 

82 

1205 

1043 

00000 

80 

1260 

1044 

00001 

12 

1263 

Range 

1045 

00000 

20 

3012 

13 


o46o 

00000 

72 

5010 

z  secant  plus  code  f or  z  ^  x 

04ol 

10000 

64 

4000 

g462 

OOOOC 

12 

5001 

0465 

00000 

65 

5010 

04b4 

00000 

12 

5002 

z* 

0465 

00000 

8l 

5007 

o466 

oooou 

75 

5007 

0467 

00000 

23 

601c 

0468 

00000 

32 

OOQC 

0469 

00000 

20 

6001 

0470 

OOOOC 

22 

6012 

0471 

00000 

28 

6018 

0472 

10000 

64 

4cco 

0473 

00000 

12 

5000 

y  secant  plus  code 

y>  X 

0474 

OOOOC 

65 

5OIC 

0475 

occoo 

12 

5003 

y*  (code  removed) 

0476 

ccooo 

81 

5002 

z'  (code  reiTXjved) 

0477 

cooco 

12 

50c  6 

y'  -  z' 

0478 

GCOOO 

36 

0479 

0479 

00000 

20 

6000 

0480 

00000 

64 

5007 

X 

X  =  value  wanted 

048 1 

00000 

81 

5002 

z ' 

y'a  upper  value 

0432 

00000 

12 

5004 

X  -  z' 

z ' =  lower  value 

0485 

ococo 

83 

5006 

y'  -  z ' 

0434 

00000 

12 

5005 

R 

c465 

00000 

72 

5015 

C466 

lOOCC 

25 

1200 

Block  to  1200' s 

1 

X 

II 

0407 

COOOl 

20 

7006 

y*  -z ' 

INTERPOLATION  STCRACE 

04C0 

OOOOC 

00 

coco 

C401 

OG'OCO 

00 

0000 

04C2 

'-0  ^00 

CO 

0000  , 

c4G3 

ccooo 

00 

0000  , 

^  Temporary  storage 

C4C4 

00000 

00 

0000 

C4C5 

00000 

00 

0000 

C40o 

oooco 

00 

0000 

0407 

00000 

00 

0000 

X  secant 

C408 

00000 

CO 

0000 

thickness 

o4C9 

00001 

20 

7007  i 

i 

04l0 

11111 

1 1 

0000 

1 

04ll 

00001 

20 

7017 

>  constants 

0412 

00001 

20 

7006  ' 

o413 

00000 

00 

0000 

04l4 

00000 

00 

0020 
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INPUT  DATA  STORAGE  FOR  INTERPOLATION  FOR  RANGE 


0000 

- 

0019 

Secant  values  and  code  ( 
smallest ) 

largest  to 

0020 

- 

0039 

Thickness 

and  range 

code 

@ 

4.01 

oo4o 

- 

0059 

Thickness 

and  range 

code 

@ 

3.1 

oo6o 

- 

0079 

Thickness 

and  range 

code 

@ 

3.0 

oo8o 

- 

0099 

Thickness 

and  range 

code 

@ 

3.8 

0100 

- 

0119 

Thickness 

and  range 

code 

@ 

2.6 

0120 

- 

0139 

Thickness 

and  range 

code 

@ 

2.4 

Ol4o 

- 

0159 

Thicknes  s 

and  range 

code 

@ 

1.6 

0l60 

- 

0179 

Thickness 

and  range 

code 

@ 

1.4 

0l80 

- 

0199 

Thickness 

and  range 

code 

@ 

1.3 

0200 

- 

0219 

Thickness 

and  range 

code 

1.2 

0220 

- 

0239 

Thickness 

and-  range 

code 

@ 

1 . 1 

0240 

- 

0259 

Thickness 

and  range 

code 

@ 

1.0 

0620 

- 

0639 

Range  values  @  4.01 

064  0 

- 

0659 

Range  values  @  3«1 

o66o 

- 

0679 

Range  values  @3-0 

o68o 

- 

0699 

Range  values  @  2.8 

0700 

- 

0719 

Range  values  @  2.6 

etc . 
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SAMPLE  INPUT  DATA  FOR  RANGE 


oocc 

051 4o 

10 

0020 

0001 

05131 

00 

cc4o 

C0C2 

05130 

00 

oo6g 

0003 

05128 

00 

0080 

ocou 

05126 

00 

0100 

Secant  values 

and  code  (largest 

0005 

05124 

00 

0120 

smallest) 

oco6 

051 1 6 

CO 

Cl40 

COOT 

051 14 

CO 

ri6c 

FP  SECANT 

STORAGE 

cgo8 

05113 

00 

ci8c 

XX  xxxx 

xxxx 

0009 

05112 

00 

0200 

0010 

05111 

GO 

0220 

001 1 

05110 

CO 

C24C 

05211 

r'.  r' 

V-. 

0020 

CC21 

05140 

n 

0621 

Thickness  and 

range  code  @  4,01 

0022 

C5122 

3: 

0022 

0023 

5114 

50 

-c23 

FP  SECANT 

STORAGE 

XX  xxxx 

xxxx 

00  4g 

0521 1 

00 

Co4c 

octi 

05141 

Co4l 

0042 

0515c 

1  0 

0642 

Thickness  ©  3.1 

0043 

05123 

70 

Cc43 

0044 

C5C95 

00 

0644 

CO60 

05211 

00  c66c 

0C6l 

05142 

10  C66l 

0062 

05131 

50  0662 

Thickness  ©  3.0 

0063 

05125 

10  0663 

CC64 

05112 

CO  0664 

cc8o 

0521 1 

00  c68c 

0081 

05144 

00  g68i 

0082 

05155 

6g  0682 

0083 

05127 

70  0683 

CC84 

05116 

8c  c684 

Thickness  @  2.8 

0085 

05110 

50  0685 

16 


0100  05211  00  0700 
0101  051^6  70  0701 

0102  0515b  60  0702 

0103  05130  70  0703 

C104  05122  50  0704 

^105  05112  70  0705 

0106  05111  00  0706 


0120  C5211  00  0720 

0121  05150  70  0721 

0122  05141  20  0722 

0123  05134  5C  0723 
0124  05128  20  0724 
0125  05120  20  0725 
0126  05116500726 
0127  05112  70  0727 

01 28  05065  00  0728 


0140  0521 1  CC  0740 

0141  05171  50  0741 

142  05163  2"  0742 
145  05156  80  0743 
0144  .5150  20  0744 

0145  (.5142  60  0745 

C14-J  05137  20  0746 

0147  05132  70  0747 

0143  05129  10  0"4? 


01 dG  05211  00  0760 
CV-1  051 19  70  0761 

102  05170  30  0762 
0163  051 03  70  07o3 

01  h4  05156  60  O', (64 

0165  05149  20  07d5 

OI00  05143  20  0706 

0167  05139  00  0767 
0168  05135  30  0768 


Thickness  @  2.6 


Thickness  @  2.4 


Thickness  @1.6 


Thickness  @  1.4 
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0l80 

05211 

00 

0780 

0l8i 

05185 

00 

0781 

0182 

05176 

30 

0782 

0185 

05168 

7C 

0785 

0184 

05161 

30 

0784 

0185 

05153 

20 

0785 

0186 

05147 

00 

0786 

0187 

05142 

90 

0787 

0188 

05139 

00 

0788 

0200 

05211 

00 

0 

cx> 

0 

0 

0201 

05192 

20 

0801 

0202 

05183 

80 

0802 

0203 

05176 

00 

0805 

0204 

05168 

00 

o8o4 

0205 

05159 

50 

0805 

02C6 

05155 

00 

0806 

0207 

05147 

70 

g807 

0208 

05145 

60 

o3oS 

0220 

0521 1 

00 

0820 

0221 

05210 

05 

0821 

0222 

05195 

60 

0822 

0225 

05186 

00 

0825 

0224 

05178 

20 

0824 

0225 

05169 

20 

0825 

0226 

05162 

50 

0826 

0227 

05152 

90 

0827 

0228 

05151 

00 

0828 

0240 

05211 

00 

0840 

C24l 

05210 

95 

o84i 

0242 

05210 

70 

0842 

0243 

05210 

10 

0843 

0244 

05192 

00 

0844 

0245 

05189 

50 

0845 

0246 

05183 

00 

0846 

0247 

05172 

70 

0847 

0248 

05166 

80 

0848 

0620 

05000 

00 

0000 

0621 

05000 

00 

0000 

0622 

05350 

00 

0000 

0623 

05410 

00 

0000 

Thickness  @  1.3 


Thickness  ©  1.2 


Thickiiess  @  1.1 


Thickness  ®  1.0 


Range  values  @  U.Ol 

FP  RANGE 
XX  xxxx  0000 
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Pvange  @  3»1 


0640  05000  00  0000 
064l  05000  00  0000 
0642  05550  00  0000 
0643  05410  00  0000 
o644  05415  00  0000 


0660  05000  00  0000 
066 1  05000  00  0000 

0662  05350  00  0000  Ranges  @  3*0 

0665  05410  00  COOO 
o664  05415  00  0000 


0680  05000  00  0000 
0681  05000  00  0000 
0682  05350  00  0000 

0683  05410  00  000c  Ranges  @2.8 

0634  05415  00  0000 
0685  05420  GO  0000 


0700  05OCO  00  0000 
0701  05000  00  0000 
0702  05550  00  0000 

0703  05410  00  0000  Ranges  @2.6 

0704  05415  00  0000 

0705  05420  00  0000 
0706  05425  00  0000 


0720  05000  00  0000 
0721  050c 0  00  0000 
0722  05350  00  0000 
0723  05410  00  0000 

0724  05415  00  0000  Ranges  ®  2.4 

0725  05420  00  0000 

0726  05425  00  0000 

0727  05430  00  0000 

0728  05435  00  0000 
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0740  05000  00  0000 

0741  C5000  00  0000 

0742  05550  00  0000 

0745  05410  00  0000 

0744  C5415  00  0000  Ranges  @1.6 

0745  05420  00  0000 

0746  05425  00  OQOO 

0747  05450  00  0000 

0748  05455  00  0000 


076c  C500C  00  0000 
0761  05000  00  0000 
0762  05550  00  0000 
0765  054 10  00  0000 

0764  05^15  00  CCOO  Ranges  @  1.4 

0765  05420  00  0000 

0766  05425  00  0000 

0767  05450  00  0000 

0768  05455  00  0000 


0780  05000  00  0000 
0781  C50C0  GO  0000 
0782  C5550  00  coco 
0785  05410  OC  CCOQ 

0734  05415  00  000c  Ranf'es  @1.3 
0765  05420  or,  0000 

0736  05425  00  CCOO 
0757  05450  00  CGOG 
0733  05455  CO  OCCC 


08CO  C5000  00  000c 
c601  05000  00  0000 
0802  05550  00  0000 
0803  05410  00  oocc 
o8o4  05415  CO  0000 
0605  05420  00  0000 
0806  05425  00  0000 
0807  05450  00  0000 
0808  05435  00  0000 


Ranges  @1.2 
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C820  05000  00  0000 

0821  05000  00  0000 
0822  05350  00  0000 
0823  05410  00  0000 
0824  05415  00  0000 
0825  05420  00  0000 
0826  05425  00  0000 
0827  05430  00  0000 
0828  05435  00  0000 


0840  05000  00  0000 
084l  05000  00  0000 
0842  05350  00  0000 
0843  05410  00  0000 
0844  05415  00  0000 
0845  05420  00  0000 
0846  05425  00  0000 
0847  05430  00  0000 
0848  05435  00  0000 


Ranges  ®  1.1 


Ranges  @  1.0 
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INPUT  DATA  STORAGE  FOR  INTERPOLATION  FOR  THICKNESS 


0000  - 

0019 

Range  values 

1  and 

Code  (largest  to  smallest) 

0020  - 

0039 

Secants 

and 

Code 

@ 

3500 

meters 

oo4o  - 

0059 

Secants 

and 

Code 

@ 

3000 

meters 

oo6o  - 

0079 

Secants 

and 

Code 

@ 

2500 

meters 

oo8o  - 

0099 

Secants 

and 

Code 

@ 

2000 

meters 

0100  - 

0119 

Secants 

and 

Code 

3 

1500 

meters 

0120  - 

0139 

Secants 

and 

Code 

@ 

1000 

meters 

0140  - 

0159 

Secants 

and 

Code 

@ 

0500 

m.eters 

0l60  - 

0179 

Secants 

and 

Code 

@ 

0 

meters 

0620  - 

0639 

Thickness  @ 

3500 

meters 

0640  - 

0659 

Thickness  @ 

3000 

me 

^ters 

0660  - 

0679 

Thickness  @ 

2500 

meters 

22 


ocoo 

0001 

00C2 

0005 

ooo4 

0005 

OOOd 

0007 


0020 

0021 

0022 

CC23 

0024 

0025 

0020 


or4c 

C04l 

0C42 

CCU3 

0CU4 

CCU5 

C&4o 

0047 


oc6c 

co6i 

0062 

0065 

oo64 

C065 

0066 

0067 


co3o 

C081 

C082 

0083 

C084 

0085 

oo36 

0087 


TH'?  ORIOIJI'O  -DOCUyEHT  WAS  OF  POOR 
quality.  K.ST  possible  REraODUCTIOH 
FROy.  COPY  FURNISHED  ASTIA. 


SAMPLE  CDRVE  DATA  FOR  THICKNESS 


0^435 

uO 

05430 

00 

oo4o 

05425 

00 

0060 

05420 

00 

0080 

05415 

00 

0100 

Range  and  code  (largest 

05410 

00 

0120 

05350 

00 

01 4o 

FP 

Range  Storage 

05000 

00 

0160 

XX 

xxxx  xxxx 

05123 

4o 

062: 

05120 

00 

0621 

Secants 

and  code  @  3500 

051 13 

00 

0622 

05114 

00 

062 

FP 

Secants  Storage 

51 12 

00 

062- 

XX 

xxxx  xxxx 

051 1 1 

00 

062' 

05110 

00 

0d2c 

05125 

"040 

^5122 

00 

o64i 

051 18 

00 

0642 

05114 

oc 

0643 

05113 

cc 

0644 

Secants 

and  code  @  3000 

05112 

oc 

c645 

05111 

GO 

c646 

C5110 

00 

0647 

0512-.; 

'CUO 

051 22 

GO 

0661 

05116 

00 

0662 

05114 

00 

0663 

05113 

00 

o664 

Secants 

and  code  ®  2^00 

C5112 

00 

0665 

051 1 1 

00 

0666 

05110 

00 

0667 

05 1 28 

10 

0680 

05122 

CO 

0681 

05118 

00 

0682 

05114 

00 

0683 

05113 

00 

o684 

Secants 

and  code  @  2000 

05112 

00 

0685 

05111 

00 

0636 

05110 

00 

0687 

23 


0100  05150  8o  0700 
0101  05122  00  0701 
0102  05116  00  0702 
0105  05114  00  0703 
0104  05115  00  0704 
0105  05112  00  0705 
0106  05111  00  0706 
0107  05110  00  0707 


Secants  and  code  d  1500  meters 


01 

20 

05140 

00 

0720 

01 

21 

051 

52 

00 

0721 

01 

22 

05125 

00 

0722 

01 

25 

051 

18 

00 

0725 

01 

24 

051 

l4 

00 

0724 

01 

25 

051 

15 

00 

0725 

01 

26 

051 

12 

00 

0726 

01 

27 

C51 

1 1 

00 

0727 

01 

28 

051 

10 

00 

0728 

01 

40 

051 

4C 

00 

0740 

0l4l 

05152 

00 

0741 

Cl 

42 

051 

26 

00 

0742 

01 

45 

051 

20 

00 

0745 

01 

44 

051 

15 

00 

0744 

01 

45 

051 

14 

00 

0745 

0146 

051 

15 

00 

0746 

0147 

051 

12 

00 

0747 

01 

48 

051 

1  1 

00 

0743 

01 

49 

051 

10 

00 

0749 

01 

60 

05i4o 

00 

0760 

01 

61 

05154 

00 

0761 

01 

62 

051 

50 

00 

0762 

01 

65 

051 

26 

00 

0765 

01 

64 

051 

20 

00 

0764 

01 

65 

051 

16 

00 

0765 

01 

66 

051 

l4 

00 

0766 

01 

67 

051 

15 

00 

0767 

01 

68 

051 

12 

00 

0768 

01 

69 

051 

1 1 

00 

0769 

01 

70 

051 

10 

00 

0770 

Secants  and  code  ©  1000  meters 


secants  and  code  ©  500  meters 


Secants  and  code  ©  0  meters 
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0620  05110  00  0000 
o621  05119  00  0000 

0622  05124  00  0000 

0623  05155  00  0000  Thickness  &  3500  meters 

0624  05143  50  0000 
0625  05151  00  0000 
0626  05167  00  0000 


o64o  05110  00  0000 
064l  05117  50  0000 
o642  05127  50  0000 
0643  05139  00  0000 
o644  05145  CO  0000 
0645  05147  50  0000 
o646  05155  50  0000 
0647  05173  00  0000 


0660  05110  00  0000 
0661  05121  50  0000 
0662  05132  00  0000 
0665  05143  00  0000 
0664  05147  00  0000 
0665  05153  00  0000 
0666  05162  00  0000 
0667  05162  50  0000 


G68r  05110  00  0000 
0681  05125  70  0000 
0682  05137  00  0000 
0685  05149  50  0000 
0684  05155  50  0000 
0685  05159  50  0000 
0686  05169  00  0000 
0687  05189  50  0000 


0700  05110  00  0000 
0701  05134  00  0000 
0702  05150  00  0000 
0703  05156  50  0000 
o7o4  05161  50  0000 
0705  05168  00  0000 
0706  05178  00  0000 
0707  05194  50  0000 


Thickness  @  3000  meters 


Thickness  @  2500  meters 


Thickness  ®  2000  meters 


Thickness  @  l500  meters 


25 


0720  05114  50  0000 

0721  05122  50  0000 
0722  05152  50  0000 

0723  05151  00  0000 

0724  05163  50  0000  Thickness  @  1000  meters 

0725  05168  50  0000 

0726  05170  00  0000 

0727  05186  00  0000 

0723  05210  10  0000 


074c  05122  50  0000 
074 1  05130  00  0000 

0742  05136  50  0000 
0743  05152  00  0000 
0744  05167  00  0000 
0745  05171  00  0000 
0746  05176  50  0000 
0747  05164  00  0000 
0748  05194  00  0000 
0749  05210  70  0000 


0760  05140  00  0000 
0761  05140  50  0000 
0762  05142  00  0000 
0763  C5146  50  0000 
0764  05160  50  0000 
0765  05171  50  0000 
0766  05180  00  0000 
0767  05165  50  0000 
0768  05192  50  0000 
0769  05210  00  0000 
0770  05211  00  0000 


Thickness  @  500  meters 


Thickness  ®  0  meters 
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APPENDIX  D 


SAMPLE  OUTPUT 


SAMPLE  OF  RANGE  FETI- RMIiN/TI"'?:  u'NGLf'  ^  y'N'  THICKNESS  KNOWN) 
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AMFL?:  OK  KANGK  OKTERMINATION  (ANGIES  AND  THICKNE5JS  KNOWN) 
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FIGURE  D-1.  INPUT  DATA  SAMPLE  FOR  THICKNESS 
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SAMPLE  OF  THICKNESS  DETERMNATION  (ANGLES  AND  RANGE  KNOWN) 
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APPENDIX  E 


SAMPLE  RANGE-SECANT-THICKNESS  CURVES 
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FIGUItE  E-1.  SAMPLE  KANGE-SECANT-THICKNESS  CURVES 
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formance,  Wheeled  Vehicles 

RR-11  Digital  Computer  program  for  Center  of  Gravity, 

product  of  Inertia,  and  Moment  of  Inertia  Com¬ 
putations 

RR-I8  Digital  Computer  Program  for  Tracked  Vehicle 

Mobility  Computation 

KR-23  Runge-Kutta-Gill  Solution  of  First-Order  Dif¬ 

ferential  Equations 

RR-24  Digital  Computer  Program  for  Fuel  Consumption: 

Tracked  Vehicles  (Battlefield  Day  and  Normal 
Convoy ) 

RR-27  Mathematical  Model  and  Digital  Computer  Program 

for  Vehicle  Firing  Stability  Analysis  (Active 
Suspension  ) 

RR-30  Digital  Computer  Program  Drawbar  Pull  Predic¬ 

tion  Wheeled  Vehicles 

RR-31  Digital  Computer  Program  for  Superelevation  Cam 

Design 

RR-32  Digital  Computer  Program  Drawbar  Pull  Predic¬ 

tion  Tracked  Vehicles 


37 


ORDNANCE  TANK-AUTOMOTIVE  COMMAND 
DETROIT  ARSENAL 
DYNAMIC  SIMULATIONS  LABORATORY 

DISTRIBUTION  LIST 


Chief,  Research  Division,  R  &  E  Directorate 
Attn:  ORDMC-RRC 

ORDMC-RRD. 1 
0RDMC-RRD.2 
ORDMC-RRD. 3 
.  ORDMC-RRL 
ORDMC-RRC 

Chief,  Engineering  Division,  R  &  E  Directorate 
Attn:  ORD.MC-REW 

ORDMC-REG 

Chief,  Engineering  Design  Division,  Detroit  Arsenal 
Attn:  ORDMX-NDPl 

ORDMX-NDP& 

ORDMX-NDP9 

Adjutant's  Office,  Attn:  Library  Branch 

Commanding  General 

Aberdeen  Proving  Ground 

Attn:  Technical  Information  Section 

Aberdeen,  Maryland 

Chief  of  Ordnance 

Department  of  the  Army 
Attn:  ORDTW 

ORDTB 

Washington  25,  D.  C. 

Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratories 

Attn:  Technical  Reference  Section 

Washington  25,  D.  C. 


Commander 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Attn:  TIPDR 

Arlington  12,  Virginia 


(68! 


(1) 


(1) 


(1) 


(10) 


39 


DISTRIBUTION  LIST  (Cont'd) 


Department  of  Commerce 
Office  of  Technical  Service 

Attn:  Acquisition  Department 

Washington,  D.  C.  (2) 

Commanding  Officer 

Ordnance  Materials  Research  Office 

Watertown  Arsenax 

Attn:  ORDBE-Z 

Watertown  72,  Massachusetts  (l) 

Commanding  Officer 
Office  of  Ordnance  Research 
Box  CM,  Duke  Station 
Attn:  ORDOR-IR 

Durham,  North  Carolina  (l) 

Commanding  Officer 

Engineering  Research  &  Development  Laboratories 

Fort  Belvolr,  Virginia  (l) 

Commanding  Officer 

Air  Force  Cambridge  Research  Center 
Attn:  Mr.  M.  R.  Nagel 

Cambridge,  Massachusetts  (l) 

Commanding  Officer 
Rock  Island  Arsena^ 

Rock  Isiand,  Illinois 


(1) 


